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ABSTRACT 

Q u a l i f i c a t i o n  t e s t  base heat, s h i e l d  panels  60~20210-1 and 60B71590 
were examined t o  determine t h e  M-31 and honeycomb panel  
mechanical p r o p e r t i e s .  This i n v e s t i g a t i o n  a l s o  contains  r e s u l t s  of  
a thermal t e s t  on an iminsulatecl hmeyco%b pariel, Eesul ts  indrcated 
t h a t  t he  mechanical proper t ies  of t h e  M-31 were what would normally 
be expected a f t e r  belng subjected t o  t h e  thermal environment 
of t he  t e s t s .  It was also shown t h a t  f a i l u r e  o f  t he  brazed 
honeycomb panel  would occur i f  M-31 were l o s t  after 85 seconds of 
t h e  S-1C f l i g h t ,  

KEY WORDS 

Base Heat Shield 
Honeycomb Panel P rope r t i e s  
M-31 P r o p e r t i e s  
Thermal Test  
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OaTECT 

The obJect  of t h i s  i nvec t iga t ion  was t o  examine two base h e a t  s h i e l d  
panels  subjected t o  qual i f ' izal iun t e s t s  i n  order  t o  determine 
a cause f o r  f a i l u r e  of one of t h e  panels ;  and t o  determine what 
e f f e c t  loss of 14-31 dvrrng t h e  l a t t e r  p a r t  of t h e  f l i g h t  of  t h e  S-1C 
would have on t h e  brazed honeycomb h e a t  s h i e l d  panels .  

BAC KGROUNC 

The S-1C base h e a t  shield was mdergoing q u a l i f i c a t i o n  tes ts  i n  
S e a t t l e  when t h e  therrral-acoustic t e s t  of a 60~20210-1 pane l  was 
terminated became of eouipmenf, f a i l u r e .  Visual examination of 
t h e  pane l  a f t e r  t h e  par tSa1 t e s t  revealed t h a t  M-3lhad been l o s t  
from a s e c t i o n  of t he  panel.  A 6OB71590-9 h e a t  s h i e l d  pane l  was the r  
subjected t o  a f u l l  duration thermal-acoustic t e s t  without f a i l u r e .  
The I n t e r s t a g e  and Xeat S h i e l d  Group requested t h a t  the 
two panels  be examined i n  o rde r  t o  determine a cause f o r  t h e  
l o s s  of  t h e  M - 3 1  f'rom the  p a n e l  and t o  a l s o  determine what effect  the 
l o s s  of M-31 would have upon t h e  brazed honeycomb of  t h e  h e a t  
s h i e l d  during f l i g h t  of t h e  S-1C. 

CONCLUSIOYTS 

The p r o p e r t i e s  of t h e  M-31 from both panels  were what i s  normally 
expected a f t e r  being subjected t o  t h e  thermal environment.of t h e  
tes ts  with nothing being noted which would conclusively 
c o n t r i b u t e  t o  a f a i l u r e .  

The open honeycomb core h e i g h t  of  t h e  60~20210-1 pane l  was 
below t h e  minimum drawing requirement i nd ica t ing  inadequate 
process  q u a l i t y  control .  

The thermal t e s t  simulating loss of M-31 a f t e r  85 seconds of  f l i g h t  
revealed t h a t  f a i l u r e  of  t h e  brazed honeyconib would occur very 
r a p i d l y  once M - 3 1  was l o s t .  

The brazed honeycomb was apparent ly  no t  severely d e t e r i o r a t e d  
during t h e  q u a l i f i c a t i o n  tes ts  s i n c e  a l l  edgewise compressive 
s t r e n g t h  specimens f a i l e d  by sk in  buckling and no t  by skin-core braze 
sepa ra t ion .  

It i s  recommended t h a t  c l o s e r  in-process c o n t r o l  be maintained t o  
in su re  compliance with t h e  drawing requirements. 

PROCDUHES AND RESULTS 

Saturn S-1C base h e a t  sh i e ld  panels  were undergoing q u a l i f i c a t i o n  
t e s t i n g  i n  S e a t t l e  when the thermal-acoustic tes t  o f  t h e  60~20210-1 
s e r i a l  number 46 pane l  was terminated a f t e r  85 seconds due t o  
f a i l u r e  o f  t h e  r a d i a n t  h e a t  t e s t  equipment. 
of  t h e  panel  a f t e r  t h i s  aborted t e s t  revealed t h a t  M-31 had been 

Visual  examination 
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l o s t  from t h e  c e n t e r  of t h e  panei .  
subjected t o  a f u l l  duration thermal-acoustic test  without f a i lu re .  
During d i scuss ions  follcwing t h e s e  tests, t h e o r i e s  advanced as t o  
why one pane l  f a i l e d  and one passed ranged from thermal shock of  
theM-31 during t h e  aborted t e s t  t o  anomolies i n  t h e  p r o p e r t i e s  of 
t h e  M-31 o r  t he  brazed honeycomb panels .  The I n t e r s t a g e  and Heat 
Shield Group through coordination shee t  I&HSG-M-40 requested 
t h a t  t he - two  panels  be examined i n  o rde r  t o  determine a cause 
f o r  t h e  l o s s  of t h e  M-31 from t h e  60~20210-1 panel .  

A 60~71590-9 panel  was then  

5.2 The conclusions which can be made from t h e  r e s u l t s  o f  t h i s  
i n v e s t i g a t i o n  a r e  a s  Pol:.ows : 

1. The physical/mechaclcal p r o p e r t i e s  of t h e  M-31 a r e  as 
expected a f t e r  t h e  M-31 being subjected t o  an elevated t e s t  
temperature (and from the  f a c t  t h a t  the V-31 was removed 
from t h e  pane l  along the  plane ac ross  t h e  t o p  o f  t h e  open 
honeycomb c o r e . )  Tne v a r i a t i o n  i n  the mbduli of  rupture  
and e l a s t i c i t y  a r e  a t t r i b u t e d  t o  thermal shock crackirg 
which occurs during t h e  r ap id  cool ing 'of  t h e  M-31 a f t e r  being 
subjected t o  t h e  elevated t e s t  temperatures.  

2 .  The b raze  q u a l i t y  o f  t h e  honeycomb w a s  acceptable  due t o  t h e  
high edgewise compressive s t r e n g t h  and t h e  b a t  t h a t  t h e  panels  
f a i l e d  by in-buckling of t h e  face s k i n s  and not  by skin- 
core  braze separat ion.  

3. The open core height of t h i s  60~20210-1 pane l  was less than  
t h e  drawing requirements i n d i c a t i n g  poor in-process q u a l i t y  
inapec t i o n .  

4. The r e s u l t s  i nd ica t e  almost immediate panel  f a i l u r e  should 
M-3l be l o s t  from the  h e a t  s h i e l d  thereby sub jec t ing  an 
uninsulated pane l  t o  t h e  base region thermal environment. 

5.3 The M-31 was removed from both t h e  60~20210-1 and 60B71590-9 pane l s  
by c u t t i n g  t h e  M-31 along a plane p a r a l l e l  t o  t h e  su r face  o f  
t h e  M-31 and across  the t o p  of t h e  open co re .  It was r e a l i z e d  
t h a t  t e s t i n g  t h i s  port ion of  t h e  M-31 only would not  reveal t h e  
t r u e  o v e r a l l  p rope r t i e s  of t h e  M-31; bu t ,  s i n c e  t h i s  was a 
comparison between two panels ,  t h i s  procedure was considered 
acceptable  f o r  t h e  purposes of t h i s  i n v e s t i g a t i o n .  The M-31 
bulk d e n s i t y  and water absorpt ion were determined i n  accordance with 
AS'IM:C20-46 (Reference 1) except. t .hat B sample weight. o f  
approximately 50 grams was designated. The woduli of rupture  and 
e l a s t i c i t y  f o r  t h e  M - 3 1  were determined i n  accordance with ASTM 
CEO-52 (Reference 2 )  except t h a t  a sample s i ze  of approximately 
6" 1" was designated and t h e  d i s t a n c e  between t h e  supports  
f i xed  a t  4.00 inches.  Also, f o r  t h e  determinat ion of  t h e  moduli 
of rup tu re  and e l a s t i c i t y ,  t h e  samples were tested with t h e  load  
being appl ied t o  t h e  hard c r u s t  s i d e  3f t h e  M - 3 1 .  The r e s u l t s  
of t h e  M-31 tes ts  are shown i n  Tables I and 11. "Standard" refers 
t o  those M-31 p rope r t i e s  r epor t ed  i n  t h e  MSFC document MTP-P&VE- 
M-62-14 (Reference 3) and are presented f o r  gene ra l  information 
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6 .o 

only.  The h igher  values reported i n  t h i s  i nves t iga t ion ,  a s  
compared with t h e  "standard", a r e  e t t r i b u t e d  t o  both i n  t h e  way 
t h e  M-31 was removed from t h e  pane,ls and a l s o  t o  e leva ted  t e m -  
pe ra tu re s  t o  which both panels  were subjec ted .  The v a r i a t i o n  i n  
t h e  modu l i  o f  rup ture  and e l a s t i c i t y  a r e  a t t r i b u t e d  t o  
t h e  cracks which normally occur i n  t he  M-31 a f t e r  each elevated 
temperature t e s t .  

The remaining M-31 was rernoved from the  open core o f  t h e  honeycomb 
p m e l  m d  t h e  open core height vas measured w i t h  a depth micrometer. 
Open core  he igh t  d i s t r i b u t i o n  curves f o r  both t h e  panels  a r e  
shown i n  Figures I and 11. 

The brazed honeycomb panels were then t e s t e d  f o r  edgewise 
compressive s t r eng th  per EiAC 5943 (Reference 4 ) .  
r e s u l t s  f o r  t h i s  phase of t h e  inves t iga t ion  a r e  shown i n  Table 111. 
I n  a l l  cases ,  t h e  specimens f a i l e d  by in-buckling of  t h e  face  
shee t s  and not by braze f a i l u r e .  

The 

The f i n a l  phase of t h i s  i nves t iga t ion  was t o  sub jec t  a brazed 
honeycomb panel  t o  a thermal environment s imulat ing t h a t  which 
would be expected i f  M-31 were l o s t  a f t e r  85 seconds of f l i g h t .  
Figure I11 p l o t s  t h e  h o t  and cold f s c c  t eqe ra tu res  f o r  this 
test. Bfextreme i!nportance i s  the f s c t  t h a t  -the ho t  face buckled 
a t  93 :;;?.coniir, ( 8  seconds a r t e r  t h e  14-31 was supposedly lo.qt film 
t he  p s i i ~ l .  The tes t  -$a:: tzrrfliiiate3 :if-ter 110 secon3:; 5e .xme of 
t h e  danger 3f the 10,C)s;Fj hot  f ace  sheet f:LLi!is i n t o  t 3 e  
quai-tz heat  1s:nps. Figure IV i s  R photogn-ph of tne pane l  a f t e r  
t h i s  test;. 

REFEW3NCES 

1. Apparent Poros i ty ,  Water Absorption, Apparent Spec i f i c  
Gravity,  and Bulk Density of Burned Refractory Brick.  
ASI'M Ddsignation: C20-46.. 

2. .Flexure Test ing of S la t e .  ASTM Designation: C120-52. 

3. Development of a Highly Ref lec t ive  Unfired Ceramic Thermal 
I n s u l a t i o n  by Vaughn F. Ser tz inger .  MSFC Document Number 
ME'-P&W-M-62-14 dated December 19, 1962. 

4. BAC 5943, S i l v e r  Brazing Honeycomb Sandwich S t ruc tu re  
dated October 6, ig61. 
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Spec imer, No. 

u. 
FA 
3A 
4A 
5 A  

St ailclad 

Bulk Decsi ty  

(Ib/ f t ’ ) 
59.0 
59.3 
59.3 
59.0 
60.0 

4r;  . fj - !!.?. Ij l /  

2 
( W i n  )5  

5 3.2 x io 
1.7 x io5  
3.4 x 10 
2.5 105 
2.5 105 

Water Absorption 

(%) 
66.4 
65 -7 

75 - 77 
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Specimen No. 

mH€IWie 
SECTlOh 

1 A 

2 
3 
4 
5 
6 

Standard 

NO. ~5-6556-9 
PAGE 

Specimen No. 

LCI 
2 4  
3A 
4R 
5A 

Standard 

Bulk Density 

( l b / f t 3  1 
60.3 

60.9 
62.4 
57.8 

61.4 

46.8 - 49.9 

Modulus of  E l a s t i c i t y  

( ~ b /  in‘ 2 
5 

2.0 x 10 
4.0 x lo5  
6.4 x 10 
3.3 105 6.5 x lo5  5 
3.5 X 105 
2.5 x io 

Water Absorption 

(%I  
62.9 
61.1 
62.5 
59.7 
67.4 

75 - 77 



Eoneyzomb Panel Data 

Specimen No. E d g e w i w  Compressive Strength 

(1b / in  2\ J 

Panel  Ember 

6OB20210-1 SIN 46 
133,000 
134,700 

133,300 
125,800 
122,400 
133,400 

136, roo 

60~715 90- 9 
137,400 
138,000 
135,000 
139,000 
129,500 
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FIGURE I V  

HONEYCOMB PANEL AFTER THERMAL TEST 




